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Purpose: We retrospectively analyzed whether same-day admissions and other resource 
utilization methods for patients undergoing elective infrarenal aortoiliac surgery (AoIS) 
were safe and cost-effective. 
Methods: Morbidity and mortality rates and costs were compared between 71 patients 
admitted before the day of surgery (group I) and 57 patients admitted the day of surgery 
(group II) who underwent elective AoIS between July 1, 1992, and December 31, 1995. 
After January 1, 1994, a concerted effort was made to decrease hospital costs by 
performing out-patient preoperative assessment, admitting patients the morning of 
surgery, and planning early discharge through implementation of clinical pathways. 
Patients were excluded (total, 33; 20%) from analysis if they were admitted before the day 
of surgery for intravenous hydration (5), optimizing cardiac function (4), or prolonged 
preoperative antibiotics (2), or if they required emergency surgery (10) or were trans- 
ferred from another service or hospital (12). After exclusion, there were no significant 
differences (p > 0.05) between groups I and I I  in terms of age, sex, race, diabetes, 
hypertension, pulmonary disease, cardiac disease, renal insufficiency, type of incision 
(midline or retroperitoneal), indication for surgery (aneurysm or occlusive disease), or 
inflow site (aorta or common iliac artery). 
Results: There were no significant differences between groups I and I I  in terms of 
mortality rate (0%); cardiac (1.4% [1/71] vs 0%), pulmonary (9.9% [7/71] vs 5.3% 
[3/57]), or renal (1.4% [1/71] vs 0%) complications; orreadmission rates within 30 days 
(5.6% [4/71] vs 5.2% [3/57]), respectively (p > 0.05). There were significant decreases 
in length of hospital stay (mean, 6.4 vs 11.2 days; p < 0.0001) and hospital cost per 
patient ($34,198 vs $45,694; p = 0.001) for group II compared to group I, respectively. 
Conclusions: The majority of patients who require elective infrarenal aortoiliac surgery 
can be admitted the day of surgery and undergo early discharge with significant hospital 
cost savings and without apparent increase in morbidity or mortality rates. (J Vasc Surg 
1997;25:141-4.) 
Vascular surgeons and other health-care provid- 
ers are under increasing pressure from third-party 
payors and government agencies to decrease health- 
care costs. In the near future, resource utilization 
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that includes operative time, pharmacy cost, bed uti- 
lization, and length of hospital stay will be assessed, 
and these variables may be quantified for each sur- 
geon. 1,2 Surgeons' results will ultimately be com- 
pared in terms of outcome assessment. 2,3Only those 
who perform surgery in a cost-conscious manner 
with acceptable r sults may be allowed to continue to 
perform certain operations. 1,2 
As a result of increasing pressures from insurance 
companies and regulators, physicians must seek to 
provide quality care through development ofpractice 
standards and guidelines. We previously reported 
methods that we used to decrease hospital costs for 
patients who underwent carotid, lower extremity, 
and aortic vascular surgery. 4 In our continuing efforts 
to examine these critical health care issues for vascu- 
lar surgeons, we report an updated and expanded 
141 
JOURNAL OF VASCULAR SURGERY 
142 Calligaro et al. January 1997 
analysis of same-day admissions and other resource 
utilization methods for patients who specifically un- 
derwent elective infrarenal aortoiliac surgery (AoIS). 
PATIENTS AND METHODS 
Morbidity and mortality rates, length of hospital 
stay, and hospital costs were compared between 71 
patients admitted for elective infrarenal AoIS before 
the day of surgery without any identifiable medical 
reasons to prepare them for operation (group I) and 
57 patients admitted the day of surgery (group II) 
between July 1, 1992, and December 31, 1995, to 
the vascular service at Pennsylvania Hospital in Phil- 
adelphia. Thirty-three othcr patients who underwent 
AoIS during this time were excluded from analysis 
because they required admission before the day of 
surgery to optimize their medical status (intravenous 
hydration in preparation for renal surgery [5], opti- 
mizing cardiac function [4], prolonged preoperative 
antibiotics [2]) or if they could not undergo preop- 
erative testing on an elective out-patient basis (emer- 
gency surgery [10], transfers from another service or 
hospital [12 ]). Although preadmission for hydration 
is not of proven value for renal reconstruction, and 
more recently this has been accomplished in the 
preoperative holding area, several patients were ad- 
mitted the day before surgery for hydration at the 
request of the referring physician or nephrologist. 
After January 1, 1994, a concerted effort was 
made to decrease hospital costs by performing out- 
patient preoperative assessment, admitting patients 
the morning of surgery, and planning early discharge 
via implementation f clinical pathways. Before this 
time patients were routinely admitted at least 1 day 
before surgery for preoperative testing, arterio- 
graphic examination, cardiac evaluation, and intrave- 
nous hydration. After implementing this new strat- 
egy, preoperative assessment was performed on an 
outpatient basis and included all laboratory and ra- 
diologic studies, including arteriography. Cardiology 
and anaesthesiology evaluations were also performed 
before admission. A partial bowel preparation con- 
sisted of a clear liquid diet and a fleets enema taken 
the day before surgery. Patients who traveled long 
distances were encouraged to use discounted local 
hotels the night before surgery. 
The morning of the operation patients were 
brought o a holding area immediately adjacent to 
the operating room where intravenous lines were 
placed and a final anaesthesiology evaluation was 
performed. Pulmonary artery catheters were inserted 
in the operating room before induction of anaesthesia. 
After surgery, previously-agreed-on cli ical path- 
ways were instituted. Postoperative order forms that 
included diet, laboratory tests, radiologic studies, 
ambulatory status, and physical therapy orders were 
reviewed and cosigned by the surgical housestaff. 
Our goal was to transfer patients from the intensive 
care unit to a wing of the hospital designated as a 
vascular ward on the first postoperative day if the 
patient was hcmodynamically stable and no other 
significant medical concerns existed. Discharge was 
planned for the third day for iliofemoral bypass pro- 
cedures and the sixth day for aortic surgery. 
Cost analysis for patients undergoing AoIS was 
based on patient billing. Health-care consultants 
hired by the hospital administration applied variable 
cost-ratio f cost to charges upplied by the hospital. 
The analysis was performed uring the initial base- 
line period and at the final tracking period. Annual 
cost savings refer only to the hospital setting; costs in 
the outpatient setting were not included. 
Clinical and resource utilization data were col- 
lected prospectively and recorded in a computerized 
registry database. No patients were lost to follow-up. 
RESULTS 
There were no significant differences (p > 0.05) 
between groups I and II in age, sex, race, diabetes 
mellitus, hypertension, hypercholesterolemia, pul- 
monary disease, cardiac disease, preoperative cardiac 
testing, renal insufficiency, insertion of intraoperative 
pulmonary artery catheters, indication for surgery 
(aneuvysm vs occlusive disease), or inflow site (aorta 
or common iliac artery) (Table I). Significantly more 
group I1 patients had surgery performed via a retroper- 
itoneal approach (27% [21/57] vs 17% [12/71] [p = 
0.02]) and had epidural analgesia (91% [52/57] vs 65% 
[46/71] [p = 0.001]) than group I patients. 
Despite same-day admissions and other cost-sav- 
ing strategies, there were no significant differences 
between groups I and II in terms of mortality rate 
(0%); cardiac (1.4% [1/71] vs 0%), pulmonary (9.9% 
[7/71] vs 5.3% [3/57]), or renal (1.4% [1/71] vs 
0%) complications; or readmission rates within 30 
days (5.6% [4/71] vs 5.2% [3/57]), respectively 
(p > 0.05). The one cardiac omplication consisted 
of pulmonary edema nd ventricular arrythmias in a 
group I patient. The 10 pulmonary complications 
included five patients who had pneumonia nd five 
who required reintubation or prolonged intubation 
(>48 hours after surgery) for respiratory insuffi- 
ciency. One patient in group I had a permanent 
elevation in serum creatinine level after undergoing 
repair of an aortic anenrysm and a left renal bypass 
procedure but did not require dialysis. Four patients 
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in group I were readmitted within. 30 days of dis- 
charge (atrial fibrillation, persistent foot ischemia, 
failing graft, small bowel obstruction), and three 
patients in group II (two incisional hernias, 1 deep 
vein thrombosis) were readmitted. 
There were significant decreases in total length of 
hospital stay (6.4 vs 11.2 days; p < 0.0001) as a 
result of decreased preoperative and postoperative 
stay, length of stay in the intensive care unit (1.2 vs 
2.3 days; p < 0.0001) and hospital cost per patient 
($34,198 vs $45,694; p = 0.001) for group II pa- 
tients compared to group I, respectively. There were 
no significant differences in readmission rates within 
30 days of discharge (group I, 5.6% [4/71]; group 
II, 5.2% [3/57]; p > 0.05). 
DISCUSSION 
This study demonstrated that the majority of 
patients who require elective infrarenal AoIS at our 
hospital could be admitted the day of surgery and 
undergo early discharge with significant hospital cost 
savings and without apparent increase in morbidity 
or mortality rates. Before recent rends in health care 
to diminish costs and length of hospital stay, patients 
who required major operations such as aortic surgery 
were routinely admitted to our hospital before the 
day of surgery for medical evaluation, arteriographic 
examination, intravenous hydration, and conve- 
nience for the physician and patient. We and others 
have previously reported the safety and efficacy of 
same-day admissions for carotid and lower extremity 
bypass procedures. 4-6 The results of the current s udy 
clearly show that admission before the day of surgery 
is also not necessary for the majority of patients who 
undergo elective infrarenal AoIS. 
However, several caveats need to be emphasized. 
First, a prospective analysis of patients undergoing 
aortic surgery may need to be performed to better 
identify patients who will benefit from preoperative 
admission to optimize their cardiac, pulmonary, or 
renal status. Although this study did not identify any 
significant differences in medical risk factors between 
the two groups of patients, and patients were ex- 
cluded from analysis who were admitted before the 
day of surgery to optimize their medical status, bias 
may have been unintentionally introduced because 
this was a retrospective r view. 
Second, length of hospital stay for patients un- 
dergoing abdominal aortic aneurysm surgery exclu- 
sively might be significantly different than in this 
study because we included operations for occlusive 
disease and use of the common iliac artery as an 
inflow site. 
Table I. Risk factors for patients 
undergoing elective infrarenal 
aortoiliac surgery 
Factor Group I (71) Group II  (57) p* 
Age 70.1 (43-86) 68.3 (46-86) >0.10 
Sex--male 52 (73%) 40 (70%) >0.10 
Race--Caucasion 65 (92%) 53 (93%) >0.10 
Hypertension 54 (76%) 37 (65%) >0.10 
Diabetes mellitus 9 (13%) 4 (7%) >0.10 
Hypercholesterolemia 26 (37%) 14 (25%) >0.10 
Chronic lung disease 17 (24%) 10 (18%) >0.10 
Never smoked 14 (20%) 7 (12%) >0.10 
Former smokers 27 (38%) 24 (42%) >0.10 
Current smokers 30 (42%) 26 (46%) >0.10 
Cardiac disease~ 27 (38%) 25 (44%) >0.10 
Cardiac evatuation:~ 39 (55%) 40 (70%) >0.10 
Indication = aneurysm 47 (66%) 38 (67%) >0.10 
(vs occlusive disease) 
Proximal anastomosis = 66 (93%) 51 (89%) >0.10 
aorta (vs common 
iliac) 
Creatinine level > 2.0 10 (14%) 2 (4%) =0.08 
ng/dl 
Retroperitoneal incision 12 (17%) 21 (27%) =0.02 
(vs midline) 
Epidural analgesia (vs 46 (65%) 52 (91%) =0.001 
general anaesthesia 
only) 
Group I included patients admitted before the day of surgery and 
group II were those admitted the day of surgery. 
*p < 0.05 was considered statistically significant. 
J-Cardiac disease included history of myocardial infarction, con- 
gestive heart failure, ventricular arrhythmias, angina, $3 heart 
sound, aortic stenosis, coronary artery bypass, or coronary balloon 
angioplasty. 
:~Cardiac evaluation i cluded studies other than clinical evaluation 
and electrocardiogram: echocardiogram, radionuclide stress test, 
multigated acquisition studies (ejection fraction), or cardiac cath- 
eterization. 
Third, implementation of clinical pathways 
proved to be a time-consuming endeavor on the part 
of the physicians and hospital administration. A team 
of nationally recognized health-care advisors met 
with the vascular surgeons, enior administration f-
ficials, and nursing, cardiology, and anaesthiology 
representatives on a monthly basis over a 1-year pe- 
riod to decide which strategies were cost-effective 
and practical. Postoperative orders were reviewed in 
detail and agreed on by the vascular surgeons, in- 
cluding specific timing of blood tests, x-rays, ambu- 
lation, oral intake, and removal of the epidural cath- 
eter and nasogastric tube. Physician biases were 
overcome by other surgeons' reasons as to why a 
particular strategy was safe in addition to being cost- 
effective. A wing of the hospital was designated for 
postoperative ascular patients, which proved essen- 
tial to guarantee standards of nursing care. Although 
significant hospital cost-savings were realized, the 
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physicians needed to meet he need for more nursing 
and secretarial personnel in their office to handle 
increased outpatient scheduling and insurance de- 
tails. Earlier discharge led to more frequent postop- 
erative physician office visits, which were not reim- 
bursed. Costs were also shifted to outpatient nursing 
and physical therapy because several patients re- 
quired these services as a result of earlier discharge. 
Although we cannot be sure that this approach as- 
sures real cost savings because there was a shift in 
costs from hospital to outpatient services, third-party 
payors are emphasizing decrease of in-patient costs 
more than outpatient costs. This approach also led to 
more inconvenience and expenses on the part of the 
patients and their families, although most tolerated 
early discharge without significant complaint. 
Fourth, 20% of patients (33 of 161) who required 
AoIS at our hospital during the study period were 
not candidates for clinical pathways. This proportion 
will vary among different hospitals depending on the 
number of patients who require emergency surgery 
and the prevalence of significant medical risk factors. 
Tertiary-care hospitals uch as ours that accept com- 
plicated, high-risk patients transferred from other 
hospitals will be unable to safely perform surgery the 
day of admission in all cases because of concomitant 
medical disease such as chronic obstructive pulmo- 
nary disease and cardiac problems. These hospitals 
will more frequently exclude patients from clinical 
pathways with planned early discharge. 
We analyzed whether certain factors other than 
clinical pathways and changes in management strat- 
egy may have resulted in earlier discharge for group 
II patients. A retroperitoneal approach for AoIS has 
been reported to result in shorter hospital stays, 7 
although others have not confirmed this finding. 8
Although we performed AoIS through aretroperito- 
heal approach more frequently in group II patients, 
there was no significant difference in length of hospi- 
tal stay for group II patients whether the operation 
was performed using this approach (6.1 days) or via a 
midline incision (6.4 days; p > 0.05). Our study 
demonstrates that implementation f clinical path- 
ways and changes in physicians' attitudes may play a 
more important role in decreasing length of hospital 
stay and hospital costs than the type of incision. 
The only other perioperative factor that differed 
between the two groups was that significantly more 
patients in group II had epidural analgesia than in 
group I. This change in strategy was a result of 
implementing clinical pathways after discussions with 
our anaesthesiologists. The potential advantages of 
epidural analgesia for patients who undergo AolS are 
less postoperative pain, earlier ambulation, and ear- 
lier discharge. 9,1° However, because only five group 
II patients had general anesthesia without epidural 
analgesia,  valid analysis of this factor as it related to 
length of hospital stay was not possible. 
CONCLUSION 
Our results demonstrate hat the majority of pa- 
tients who undergo elective infrarenal aortoiliac sur- 
gery can be admitted the morning of surgery and be 
discharged from the hospital in a more expeditious 
manner than previously believed possible without 
adversely affecting outcome from a medical stand- 
point.  Further studies are required to determine 
which high-risk patients will require admission be- 
fore the day of surgery. It is clear that increased effort 
and possibly inconvenience on the parts of the pa- 
tient and the physician will be required to meet 
challenges in the current health care environment. 
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